ABSTRACT There is no doubt that as the world's population continues to grow and expand in hazardous environments, so too does our vulnerability to disaster. Researching disaster risk is therefore an ongoing challenge requiring a continual process of generating understanding of the changing environmental and societal characteristics that influence disaster vulnerability. Iceland, as the land of fire and ice, is of no exception. With a changing population, exponential growth in tourism and a volcanic eruption on average every 3-4 years, disaster risk research is of critical importance. Based on questionnaire survey results, interviews with key stakeholders and data derived from Statistics Iceland, this paper considers how residents might respond to a future eruption by examining their experience of the 2010 Eyjafjallajökull eruptions against the changing demographic, economic and political landscape. While authorities were pleased with public response to evacuation orders in 2010, some residents did not evacuate. The reasons for not evacuating were due to caring for others or thinking the warnings were not applicable. Yet, most residents showed respect for authority and acknowledged the necessity of the evacuations. The relatively small, homogenous population of Iceland coupled with its peoples' desire to cooperate contributed to this success. Within these communities, people are bound together by common beliefs, values and activities. However, the changing social landscape will test this phenomenon. In particular, the region's economic base is evolving from traditional farming practices to one that is increasingly reliant on tourism. Demographic changes most notably include greater international migration to the South, as well as from the capital region. As the communities diversify, so too will people's beliefs, values and activities. This paper explores the challenges this diversity brings with respect to generating a proactive public response to future evacuation orders. Furthermore, it highlights the importance of capturing narratives of actions and activities to enhance our understanding of the process of decision-making and the situational factors that add to its complexity.
Introduction V ulnerability to natural hazard risk is complex. At-risk populations are not only vulnerable due to a range of economic, demographic and political elements often beyond their control (Wisner et al., 2004) , but also in relation to the various factors that affect their decision-making. For example, people's decision to comply with evacuation orders may be influenced by their ability to perform the required action, the availability of information about the threat, trust in the source of that information and feelings of responsibility to undertake the prescribed action (Bird et al., 2009b , Bird et al., 2011 , Drabek, 1999 , Haynes et al., 2008 , Strahan et al., 2018 .
Disaster researchers have, however, applied a range of theoretical perspectives to enhance our understanding of the process of decision-making in response to imminent threats. Combining various elements from these (e.g., Emergent Norm Theory, Protection Motivation Theory, Behavioural Decision Theory, Classical Persuasion Model, Attitude-Behaviour Theory), Lindell and Perry (2004) produced an integrated model entitled the Protective Action Decision Model (PADM-see Lindell and Perry (2004) for a description of each of these theories and models and how they relate to the PADM). The PADM shows that decision-making is initiated by environmental cues (e.g., the sight or sound of an eruption), social cues (e.g., neighbours evacuating) and/or warnings (e.g., official advice to evacuate). These trigger a series of pre-decisional processes that stimulate the receiver to consider their perception of the threat, alternative options for protective action and their perceptions of the relevant stakeholders involved (Lindell and Perry, 2012) .
While the PADM identifies the way people 'typically' make decisions, Lindell and Perry, (2012) recognise that various situational facilitators and impediments influence their response. These include individual-level indicators and event-orientated variables (Dash and Gladwin, 2007) such as their perception of the ensuing event, the perceived safety of their home relative to the threat, timing of evacuation (e.g., are the roads already congested with traffic, are all household members accounted for) and past experiences (Drabek, 1986 , Gladwin et al., 2001 , Mileti and Peek, 2000 , Paton et al., 2001 , Sorensen and Sorensen, 2007 , Tierney et al., 2001 . This paper draws on these learnings to consider future response to an evacuation order with respect to a region's recent experience of responding to evacuation orders. The experience that is the focus of this paper is the response to the 2010 Eyjafjallajökull eruptions. The first of these events began on 20 March 2010 and consisted of a 24-day long flank eruption at Fimmvörðuháls ( Fig. 1 ) producing spectacular fire-fountain activity and lava flows. The flank eruption was followed 1-2 days later (14 April) by a far more explosive 39-day long summit eruption resulting in medium-sized jökulhlaups (glacial outburst floods) to the north, small jökulhlaups and lahars to the south and considerable ash fall to the east and east-southeast of the volcano (Þorkelsson, 2012) . Together, these eruptions caused considerable damage and ongoing challenges to local residents (Bird and Gísladóttir, 2012) .
These eruptions, however, did not occur without warning. The regional Chief of Police and the Department of Civil Protection and Emergency Management (DCPEM) held meetings with scientists, local police and rescue teams in response to increased seismicity in and around Eyjafjallajökull in early 2010. Multiple community meetings were also held with residents living in the expected hazard zone. Evacuation plans, based on a 2005 hazard assessment (see Guðmundsson and Gylfason, 2005) , were finalised during this period (Bird et al., 2011 ). An immediate evacuation was considered critical, given the assessment showed that inhabited areas may be flooded by a jökulhlaup within an hour of an eruption commencing in Eyjafjallajökull (Sigurðsson et al., 2011) . As a consequence, several evacuation orders were issued during the 2010 events via the automated phone alert system, supervised by the local Chief of Police. In addition, the sweeper system was deployed. Consisting of local residents as volunteers, some of whom form part of the local rescue team, their role is to 'sweep' their neighbourhood by going from house to house to ensure everyone has received the warnings and have, or are in the process of evacuating to their designated centre (Bird et al., 2009b) .
A few months following the eruptions, we conducted a survey to investigate how impacted residents responded to and coped with the events. This paper considers how residents might respond to future evacuation orders by examining the results of that survey against the changing demographic, economic and political structure of South Iceland. Considering future response in this region is important given Katla is renowned as one of Iceland's most dangerous volcanoes due to its potential to produce catastrophic jökulhlaup (>100,000 m 3 s −1 ) within 1½ to 2 h Gylfason, 2005, Guðmundsson et al., 2007) warranting the need for an immediate response to evacuation orders. Furthermore, South Iceland's Hekla, Katla, Grímsvötn and Bárðarbunga volcanoes (Fig. 2) , and their associated fissure systems, have the highest eruption frequency and greatest volcanic productivity in Iceland (Thordarson and Larsen, 2007) . In addition to these systems, recent unrest in Öraefajökull has called for the development of further emergency response plans in South Iceland (Almannavarnadeild Ríkislögreglustjórinn, 2017 , Höskuldsson, 2015 .
Methods 2010 Eyjafjallajökull survey. The survey implemented in 2010 incorporated 15 semi-structured interviews with officials, rescue team members and residents alongside a questionnaire disseminated to households living within the hazard zones of the Eyjafjallajökull and Katla volcanoes (see Fig. 1 and Bird et al., (2011) ). The questionnaire developed for this survey was modelled on those implemented in a longitudinal study on knowledge and perceptions related to a possible Katla eruption (see Bird et al., 2009a , Bird et al., 2009b , Bird et al., 2011 , Jóhannesdóttir and Gísladóttir, 2010 . Additional aspects, however, were included to examine experiences related to the Eyjafjallajökull eruptions. Some questions regarding Katla were retained because the Katla hazard zones cover the same communities impacted by the Eyjafjallajökull eruptions. Also, there was much media focus on a Katla eruption being generated because of the Eyjafjallajökull eruptions. Furthermore, earlier response plans were centred on a Katla eruption rather than a response to an Eyjafjallajökull eruption.
Out of 61 households approached to take part in the survey, 58 completed the questionnaire (one respondent per household) giving a response rate of 95%. This included 19 households from Vestur-Eyjafjöll, 26 from Austur-Eyjafjöll, seven from Sólheimar and six from Álftaver (see Fig. 1 ). These communities were targeted due to their exposure to volcanic hazards during the 2010 eruptions/their locations in relation to Katla's jökulhlaup hazard zones (for details on the hazard zones, see Bird et al., 2011) . More specifically:
• Households in Vestur-Eyjafjöll were required to evacuate due to jökulhlaup hazard during the flank and summit eruptions in Eyjafjallajökull. During these events this area was impacted by jökulhlaup, ash fall, lightning, loud sound blasts and rock fall. This area also lies within the western jökulhlaup hazard zone for a Katla eruption.
• Households in Austur-Eyjafjöll were required to evacuate due to jökulhlaup hazard during the flank and summit eruptions in Eyjafjallajökull. During these events they were impacted by ARTICLE PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-018-0205-6 Fig. 2 The volcanoes and districts of Iceland's South region. Map produced by Olga Kolbrún Vilmundardóttir. The different coloured blue areas denote the four districts Fig. 1 Communities impacted by jökulhlaup (flood) inundation and ash fall exceeding 1 cm (from Bird et al., 2018) . Tephra fallout and flood inundation data derived from Gudmundsson et al., (2012) and Þorkelsson (2012) . Population data sourced from Ísólfur Gylfi Pálmason, the head of the Rangárþing eystra municipality, and Statistics Iceland (2016). Map produced by Þórdís Högnadóttir PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-018-0205-6 ARTICLE PALGRAVE COMMUNICATIONS | (2018) 4:151 | https://doi.org/10.1057/s41599-018-0205-6 | www.nature.com/palcomms jökulhlaup, ash fall, lightning, loud sound blasts and lahars.
• Sólheimar lies within the southern jökulhlaup hazard zone for a Katla eruption and during the Eyjafjallajökull summit eruption they were impacted by considerable ash fall and loud sound blasts.
• Álftaver lies within the eastern jökulhlaup hazard zone for a Katla eruption and was the first community to be blanketed by ash fall during the Eyjafjallajökull summit eruption.
Please note, due to time pressures the community of Skógar (Austur-Eyjafjöll) was not included in this study. The decision to omit Skógar was based on the fact that it is located further from the eruption site than other communities in Austur-Eyjafjöll and it is not situated in a jökulhlaup hazard zone for an Eyjafjallajökull or Katla eruption.
While the sample size may seem small, it is a reflection of this sparsely populated rural area (as evidenced by the number of inhabitants given in Fig. 1 ). Due to the small population size, a census style sampling method was undertaken. That is, we endeavoured to capture perspectives from every permanent household within these communities. However, 14 households were unavailable during the interview and questionnaire dissemination period, which was conducted over 10 days in August 2010. Each household was visited at least twice during the day.
Overall, the 58 households represent approximately 141 adults and 38 children. These figures are approximate based on some respondents noting a range in the number of people living at that address in the questionnaire. This range is a reflection of youths and adults being registered to that household while residing in a different location to attend school or university.
The questionnaire and semi-structured interviews were comprehensive, taking 30-45 min and up to 2 h and 36 min to complete, respectively. The questionnaire included 92 open and closed response questions compiled into the following 10 sections, which also formed the basis of the semi-structured interviews.
1. Demographics; 2. Experience prior to and during the flank eruption that began on 20th March in Fimmvörðuháls; 3. Experience prior to and during the summit eruption that began on 14th April under Eyjafjallajökull; 4. Impacts of the eruptions on you, your family and property; 5. Impact on agriculture; 6. Impact on tourism; 7. Use of various media sources for acquiring information about the possibility of a future Katla/Eyjafjallajökull eruption; 8. Perceived level of preparedness for a future Katla eruption; 9. Perceived possibility of a future Katla eruption and its effects; 10. Trust in information from various sources about a future Katla eruption.
The questionnaire was administered as a hardcopy. All data was entered into SurveyMonkey and exported into Microsoft Excel for analysis. As cloud-based software, Survey Monkey ensures greater access across our research team to the questionnaire and its data for use in future projects, reduces the risk of errors during data entry (when compared for example to manually entering coding into Excel) and allows an easy visualisation for crosschecking each entry to ensure accuracy. Its use post-surveying here was a result of unavailability of the software to our research team pre-surveying.
The semi-structured interviews were audio recorded and transcribed by us. Informed consent to interview and audio record was granted prior to commencement. Transcripts were analysed and coded according to the core topics of the 2010 questionnaire. The transcripts underwent a further analysis to capture detail and nuances within the data that relate to the aims of this paper. The items of import to this paper are: demographics; impact of the eruptions; receipt of cues and warnings; public response; perceived levels of coping; and, perceptions of the future. With respect to the latter, we draw similar data (i.e., from Bird et al., 2011) obtained prior to the eruptions to compare against post-event perceptions. Other aspects of the 2010 survey have been published elsewhere (Bird and Gísladóttir, 2012 , Bird and Gísladóttir, 2014 , Bird et al., 2018 .
2016 interviews. Follow-up interviews were conducted in 2016 with the Chief of Police, the Chief Superintendent, the head of Rangárþing eystra and two local residents who operated both farming and tourism businesses. While the nature of the 2016 project prevented a more broad survey, as that conducted in 2010, it provided an excellent opportunity to exchange and discuss valuable information with authorities in regards to developments in volcanic emergency response strategies on the back of learnings from the 2010 Eyjafjallajökull eruptions and our survey data. These targeted, face-to-face meetings also provided the opportunity to explore regional economic, demographic and political changes.
Conducted as a more open interview than the rigorous 2010 interviews, the 2016 interviews lasted between 17 and 57 min. As with the semi-structured interviews conducted in 2010, the 2016 open interviews were audio recorded with consent and transcribed by the authors. Transcripts were analysed and coded according to the core topics of the 2010 questionnaire. The transcripts underwent a further analysis to capture detail and nuances that relate to the aims of this paper.
The changing demographics of South Iceland. In order to capture the changing structure and situation in South Iceland in more detail, demographic data held by Statistics Iceland was accessed from www.statice.is and analysed using Microsoft Excel. Of particular import to the study presented here is data pertaining to population, migration and livelihood.
Population data by age and gender is available from 1998. The years of 2000, 2008 and 2016 were selected as equal time periods of available data from the most recent year (i.e., 2016, as accessed in 2017) . Population data for this period is available by municipality. Our analysis therefore focused on those municipalities surrounding the Eyjafjallajökull and Katla volcanoes: Mýrdalshreppur (which includes Sólheimar), Skaftárhreppur (which includes Álftaver) and Rangárþing eystra (which includes Vestur-and Austur-Eyjafjöll).
In comparison, specific migration details are not available by municipality, i.e., Statistics Iceland only provides aggregated data at a regional level. The municipalities encompassing the South region include Sveitarfélagið Hornafjörður, Vestmannaeyjar, Sveitarfélagið Árborg, Mýrdalshreppur, Skaftárhreppur, Ásahrep-pur, Rangárþing eystra, Rangárþing ytra, Hrunamannahreppur, Hveragerði, Sveitarfélagið Ölfus, Grímsnes-og Grafningshreppur, Skeiða-og Gnúpverjahreppur, Bláskógabyggð and Flóahreppur. Aggregated migration data is presented for South Iceland from 1986-2016 (i.e., the time period available from Statistics Iceland).
Farming has traditionally been the main livelihood in Iceland's South region. The tourism industry, however, is rapidly growing, with the South attracting the highest number of visitors outside the capital region . Hence, we accessed data on the total number of people employed in main and second jobs held outside the capital region and within the farming (crop and animal production, hunting and related service activities) and tourism sectors. Specific livelihood details are not available by municipality, i.e., Statistics Iceland only provides aggregated data from the capital region and outside the capital region. The capital region consists of Reykjavík, Seltjarnarnes, Kópavogur, Hafnarfjörður, Garðar-baer, Mosfellsbaer, Álftanes and Kjósahreppur. All other municipalities are considered as being outside the capital region. Given the South attracts the highest number of visitors outside the capital region , it is safe to assume that the changes in livelihood are a reflection of changes in the South. Aggregated livelihood data is therefore presented for outside the capital region from 1991-2016 (i.e., the time period available from Statistics Iceland).
The results section is presented under the three subsections: 
Results

Eyjafjallajökull survey
Demographics.
[My family has lived in this region as] far back as I am able to remember (S).
Overall, the 58 households that took part in the survey included approximately 141 adults and 38 children (an approximate is given as some respondents noted that household membership varied with children attending school outside the region). Most respondents were aged 50+ years and were farmers (Table 1) . Many respondents had lived at their address (during surveying) all their lives with almost two-thirds having lived there 30 years or more and most having family in the region for two or more generations, with the longest at seven generations. Only two respondents noted living at that address for less than 5 years.
The majority of respondents declared farming as their occupation. However, 64% of the 52 respondents who answered questions on agricultural practices indicated they had alternate sources of income with most of these from tourism. An additional 13 respondents indicated they had tourism as their main occupation. Tourism related work mostly (85%) involved accommodation.
Impact of the eruptions.
We taped the windows and the doors…by 12:00-14:00 it was completely dark, we could not see anything. It was not only the darkness but also the noise of the eruption for the children and animals. We could not expect our children to stay in the darkness and the hell (A-E).
All respondents were impacted by ash fall, just over a quarter (26%) were impacted by lahars and 20% were impacted by jökulhlaup. Overall, respondents ranked impacts on their home as the greatest followed by impacts to them and / or their family emotionally and financially (Table 2) .
Of note, 57% of respondents recorded moderate to extreme impacts to them and/or their family emotionally, with AusturEyjafjöll respondents recording the greatest. Austur-Eyjafjöll respondents also recorded the greatest impacts with respect to their home, while Sólheimar respondents recorded the greatest impacts to them and/or their family's health and financially. These impacts, however, were felt right across the region to Álftaver.
The impacts of the eruption were significant on my farm and at my neighbouring farms. It is very misleading and wrong description that the impacts were confined to Eyjafjöll. The western part of Mýrdalshreppur [municipality] is somewhat forgotten and lost in this all. We still live with ash storm when the wind is blowing (S).
The day after the eruption we felt the ash come over here and it was completely dark. There is an old Icelandic saying: "You couldn't see/distinguish your hands." I now understand this. Never in my whole life have I been in such darkness. (Á).
Despite this, some appreciated the eruption for its sheer beauty and force.
For me this was at the same time frightening and magnificent. We certainly sympathised with our nearest neighbours from Austur-Eyjafjöll. The flooding that threatened a whole area was terrifying and moved us deeply… But this was fantastic and magnificent… I would not have liked to miss this experience (S).
Receipt of cues and warnings.
I got a phone call from the officers who were on duty. They called me and said a farmer reported a fire in the glacier, I didn't quite believe it… Veðurstofa [the Icelandic Meteorological Office] didn't see anything. The computer showed it was all very quiet (O).
Environmental cues, observed and communicated by farmers in Fljótshlíð as "a fire on top of the mountain", were the first notification that alerted officials and monitoring scientists that an eruption had commenced on 20 March 2010. It is therefore not surprising that half the respondents reported hearing about the eruption via a family member, friend or neighbour. A further 23% heard about the eruption from DCPEM/police while 14% heard about it on the radio. None of the respondents had first noticed environmental cues as these were most visible from parts of Fljótshlíð, which was not included in the study region.
Once these observations were confirmed by police, and because the specific location of the eruption could not be verified-an evacuation for jökulhlaup hazard is only necessary if the eruption occurs under a glacier-officials initiated the pre-defined evacuation plans in the early hours of 21 March 2010. Evacuation orders were disseminated via the automated phone alert system, supervised by the local Chief of Police. Local police also personally contacted people in the area if they believed the evacuation orders were not received. The first evacuation orders that residents in Vestur-Eyjafjöll and Austur-Eyjafjöll received came from DCPEM/police (38% A-E; 43% V-E), family, friends or neighbours (31% A-E; 14% V-E) and, the rescue teams (6% A-E; 14% V-E) 1 . Residents in Sólheimar and Álftaver stated they were not required to evacuate. The approximate 700 residents that evacuated were allowed to return to their homes when the eruption was confirmed in the flank of the volcano and not under the glacier.
Respondents' comments to corresponding open questions and during the interviews highlighted the importance of secondary sources of information as a means for residents to confirm the first source of news to evacuate. The points raised in the following excerpt taken from one interview with a resident were echoed by several other respondents.
The first alarm about the eruption in Fimmvörðuháls did not come to our phones. Something went wrong then…but our kids in Reykjavík, college students, they got an alarm. And it was on a Saturday night and we had a phone call from our youngest son… he called and said 'hey, there's an eruption. I had a text message from the Civil Defence authorities' and I said OK. And then our daughter called. She was a little more anxious. And she said 'You're supposed to evacuate!' But we didn't evacuate because we got no further information.
We of course ran to the TV and turned it on and turned on the computers and [motions typing on keyboard] and made phone calls and we had phones calls and then we tried to get more information from the television mostly and the internet and when we didn't get any more information we just went to bed. I think that's what most everyone did.
[Initially] it had not been established as on Fimmvörðuháls but [we knew it was on the] east [side]. And we could see. We drove down to the highway and we could see a little reddish glow and of course we were excited, almost having fun because we were not afraid at all. Because there is no history of disaster in all the three eruptions in Eyjafjallajökull. It's more like Hekla erupting. It can be annoying. Scientists had already said many times that Eyjafjallajökull was a lazy crater with rather slow, small eruptions, not much coming out of the crater. So they were surprised when it turned out to be like a medium Katla. We believed the scientists when they said Eyjafjallajökull was lazy. So when it started we were more like 'What? Yeah!' [stated in a very blasé tone] (A-E).
Due to the flank eruption, residents' awareness was heightened when the summit eruption began in the early hours of 14 April 2010, with many reporting they were closely monitoring earthquake activity on the Icelandic Meteorological Office's website. Nevertheless, only 5% reported environmental cues as the first notification they received that a second eruption had begun. 27% of respondents reported receiving news of the summit eruption from DCPEM/police. A further 21% received news from family, friends or neighbours and 36% heard about it on the radio.
Again, evacuation orders were disseminated via the automated phone alert system with approximately 800 residents complying before daybreak on 14 April 2010. The first evacuation orders that residents in Vestur-and Austur-Eyjafjöll received this second time came from DCPEM/police (50% A-E; 58% V-E), family, friends or neighbours (28% A-E; 8% V-E) and, the rescue teams (6% A-E; 8% V-E). Again, residents in Sólheimar and Álftaver were not required to evacuate. This evacuation was warranted as the summit eruption, located under the glacier, produced mediumsized jökulhlaups to the north and small jökulhlaups to the south.
Public response.
I found it safer to be at a place where many of my countrymen were also (A-E).
A little over half the respondents indicated they evacuated during the flank (56% A-E; 56% V-E) and summit (54% A-E; 47% V-E) eruptions. These figures, however, should be treated with caution. One of the semi-structured interviews revealed that while the respondent marked on the questionnaire that they had evacuated, in reality, they had not. This person believed that the evacuation was necessary and that people should evacuate. However, they chose to stay at home because they were caring for elderly parents who were unwell. They marked the questionnaire as a positive response because they had intended to evacuate, as they believed it was the right thing to do, to the extent that they were concerned the police would come for them:
To be very honest, during the night and until the morning I was more scared of the police than the eruption! About them coming with the sirens [makes siren sounds] and taking me… I don't mind the eruption but please don't send the police! (A-E)
In addition to 'duty of care', non-compliance can be attributed to a belief that the warnings were irrelevant to the household.
The farm is on a hill and in my opinion there was no risk of flooding (A-E).
We never went, we behaved as we always planned to do, we just stayed at home and everything was ok (V-E).
Officials had, however, explained the need for a broad evacuation order even for areas that are safe from jökulhlaup hazards.
I said [at the pre-eruption meetings] that you have some safe areas but they are also isolated. It is much easier for me to have the people in the same area…because if someone gets heart attack, if someone gets hurt, it's very difficult to help them… Maybe you have to stay in your isolated farm for many days (O).
However, some people viewed their homes as the safest option.
There is not any better place to be at [referring to the safety of his home]; there is no reason to be running somewhere (V-E).
Additionally, people were concerned about the designated evacuation centres. For example, many noted that Heimaland was a poor choice as they believe it is vulnerable to jökulhlaup emanating from Eyjafjallajökull because it is so low in the landscape and it is built in the old river bed of Markarfljót (V-E).
I found the place that people from Eyjafjöll were supposed to evacuate to not safe [Heimaland] . I therefore did not evacuate, as I felt safer at home (V-E).
What I found in the wrong was that I was made to evacuate my farm which is located such that it is not subjected to floods, and I was sent off across the risk area to Vík in Mýrdalur, and needed to cross many glacial rivers, and depending on the development of the volcanic activity, outburst floods could potentially have occurred in all of them. This evacuation could be listed as disorganised (A-E).
There was hardly any registration of who were where and who were missing (A-E).
Despite these issues, the majority of respondents believed both evacuations were necessary. However, more respondents acknowledged the necessity of evacuating during the summit eruption (75%) than the flank eruption (54%).
They could hardly do it differently. If it caused a flood in the rivers then we would of had only 1 h to escape. They didn't know where it was erupting and therefore it was necessary (A-E).
Evacuation went better because of the experience from previous eruption (V-E).
Officials were also very pleased with public response to the evacuation orders.
It is a small community. I was born here. I know most of the people that live here. It brought us much closer and then I knew also the trust that the people have in us. It was very good (O).
Most of the things went very well because the people were really well prepared. Both Almannavarnir [DCPEM] and Björgunarsveitir [rescue teams], the Red Cross and the municipalities in the area were well organised. There are of course some things that we can do better and I think that most of that is regarding information to people. People feeling that they didn't get enough information. They were moved to a certain place but they didn't get the necessary information about why and how (O).
Residents attributed this success to the desire to conform to authorities that are known to them on a more personal basis. Other factors noted by respondents were past experiences relating to the full-scale evacuation exercise practiced in 2006 for a Katla eruption (see Bird et al., 2009b ) and the ongoing meetings right up until the flank eruption began.
Even if we already know that we are safe here…we are higher up so we are actually in no danger from the flood. But still I say the evacuation was necessary because I think what makes everything so easy and organised and good is people obey the authorities. You're told to evacuate and you do that. We had rehearsals years before and meetings and talks and it was in the back of our minds that everyone needed to evacuate if told to do so (A-E).
Perceived levels of coping.
That is of course how and why Iceland is settled, in general, after all, you just deal with the avalanches, you just deal with the everything, the cold winters, eruptions, because the good sides are so many, so you have to compromise (A-E).
Overall, residents believed they coped rather well with the eruptions (Table 3) . Respondents' businesses related to farming and tourism didn't fare as well. Respondents reflected that they simply dealt with the situation at-hand knowing that it wouldn't last forever. They banded together with neighbours and friends to help each other through the tough times but they also had great concerns for their livestock.
We got away relatively well from ash fall and the jökulhlaup went only over grazing land and not cultivated land. We were though temporarily isolated because the road connection broke. The family took the situation as it was, slightly worried about the continuation; not knowing what to expect was the worst. But foremost you felt powerlessness, tranquillity, and respect towards nature (V-E).
I was concerned about the horses… I found it terrifying and I feared that the ash would [continue to increase in quantity] (Á).
Flexibility in the evacuation plans also helped people cope and residents were impressed with open and transparent communication from officials.
As soon as we knew when the flood had come we told the people that we would let them go home and feed their animals. They registered in and out of the area. They told us they needed 2 h and after 2 h if they hadn't come back we would call them (O).
I started to explain to them what happened, why we evacuated in such a hurry…I waited to see the response and Table 3 Respondents' perceptions of how well they thought they, their family (n = 55) and their farming (n = 45) and tourism businesses (n = 12) coped with the eruption get the anger but it was quite the opposite. They said we feel safe at home because we know you are watching us (O).
Perceptions of the future. With respect to the future, respondents were asked about how they viewed preparedness for a Katla eruption. Included in this section is 2008 data derived from Bird et al., (2011) from the communities of Sólheimar and Álftaver. While we are not able to show statistically significant differences between the datasets due to the small size and slightly different nature of the 2008 dataset (e.g., it does not include respondents from Vestur-Eyjafjöll and Austur-Eyjafjöll), we can present some interesting observations. Namely, it appears that residents believe they, their families and the DCPEM are better prepared for a Katla eruption based on the Eyjafjallajökull experience (Fig. 3) an observation that is supported by verbatim quotes presented in the previous sections. While 2010 respondents believed it is more likely a Katla eruption will occur in the next 10 years, they perceived less damage would occur particularly in relation to their property (Fig. 4) . This optimism was frequently linked to their experience of Eyjafjallajökull.
People talked about the possibility of Eyjafjallajökull [erupting], and we were light-hearted about it you know, saying wow, it can erupt. But it didn't worry us at all. We would be much, much more afraid if somebody told us about the possibility of a huge earthquake in the ocean with the coast with a wave [tsunami] . That would scare us much more. Also if they told us there was a huge, huge snowstorm coming like in the West Fjords and we could have an avalanche. That would worry us. But an eruption does not worry us. I would be anxious. But I would not be afraid. I don't think that anyone around here was afraid. And I have the same feeling about Katla (A-E) .
The open and transparent communication from police, and ensuing trust that developed between them and residents, as described in the previous sections, supports the data observed in It's all going very well in a way but it's a huge change because the tourists have multiplied -there are a lot more tourists here than there used to be three years ago. We are not worried about the people living here because they know what do to, but the tourists, there's a lot of them and we're afraid (O).
It was noted that the region attracts all types of travellers, from large tour groups, to individuals in rental cars, people on private tours, campervans and hitchhikers. And more times than not, their interest is volcanoes as they remember the 2010 eruption in the summit of Eyjafjallajökull.
They don't seem like they are afraid or trying to get information about when the next [eruption] comes. They are just visiting the country; they think it's a plus if they can find some volcanoes and maybe have their picture of it. And of course [Eyjafjallajökull] they want to say they've been here. I don't think they realise the risk of an eruption (A-E).
Concern was also raised with respect to the lack of knowledge and interest among young Icelanders, with one of the residents stating that more emphasis should be placed on teaching the geography and geology of Iceland to primary school through to college students. I don't think they [Icelandic children] think enough about their own country. I would like to see more emphasis on this, like volcanic activity, geothermal, everything geography in Iceland because we're having the tourists now… [But] we have our children who are not finding out about those things. They are the future who should be taking over (A-E).
This sentiment was not only directed to children growing up in the suburbs of Reykjavík, but also to the local farming region.
Our primary school here in the area, they don't do anything special about this area. They could put more effort in it. The kids they can learn everything. They are so enthusiastic. And I think they should try to take that enthusiasm and bring it forward. You have to know what is around you. Iceland is not big so it should be possible to teach (A-E).
The lack of resources was also noted as an impeding factor in the South region. While interviewees stated that available resources were insufficient in dealing with the increased number of tourists visiting the area they also raised concerns relating to the amalgamation of districts on 1 January 2015. This amalgamation resulted in just one jurisdiction for South Iceland that incorporates 14 municipalities (Stjórnarráð Íslands 2014a (Stjórnarráð Íslands , 2014b and three local Civil Protection Committees that the South Iceland Chief of Police oversees (see Fig. 2 ).
This summer [2016] we have more accidents and more calls for the rescue teams to Fimmvörðuháls than before. The calls are increasing. People used to be everywhere and it's still the same, but now there are 30 times, 100 times more [tourists] . This district is now about 31,000 km 2 . We have a similar amount of policemen as we had in 2004 (O).
In relation to the amalgamation and the timing of the 2006 evacuation exercise, one of the rescue team members from the 2010 interviews stated:
The time for the evacuation exercises in 2006 was not logical because it had been decided that the police districts would be joined here in the south. It would have therefore been more logical to practice it under the new police jurisdiction once it had been created (RT).
In addition to the everyday work of the local rescue teams, these officials will again call upon the sweeper system to help disseminate warning messages and check that individual households have complied with evacuation orders.
We still have the sweeper system… it is difficult to depend only on the mobile phones so we still have the sweeper system (O). (Fig. 6 ). This loss was most keenly felt in the male age group 0-17 years (loss of 0.72). Balancing this loss was growth in all other categories (except 45-59 year old males) between 2000 and 2016, with the greatest among females 60-74 years (growth of 1.43), males 75+ years (growth of 1.31) and females (growth of 1.23) and males 18-29 years (growth of 1.19).
Another noteworthy change in the population structure of the South region is the increase in migration. Following the collapse of Iceland's banking system in October 2008 (Danielsson, 2009) , the region has experienced an increase in international migration (growth of 2.54 between 2009 and 2016), as well as that from the capital region (growth of 1.30 between 2011 and 2016), as shown in Fig. 7 .
Before the financial crash in 2008, Iceland had become too expensive for many visitors-evidenced by a somewhat steady decline in employment numbers within the tourism industry outside the capital region from 2000 (Fig. 8) . Since then, the industry has flourished resulting in a rapid increase in employment numbers particularly since 2012-corroborating the statements from officials in 2016. As a result, 2016 recorded the highest number of people employed in tourism. At the same time, the number of people involved in farming activities outside the capital region declined, with 2016 portraying the lowest employment rates in the industry since 1991. 
Discussion
The relatively small, homogenous population of Iceland, with a tradition of integrated research, policy and practice and, as well as its peoples' strong desire to cooperate have been attributed as factors influencing the success of community-based health interventions (Sigfúsdóttir et al., 2009) . The data presented here clearly shows that the success of the 2010 evacuations, which were a risk mitigation intervention, is no different-from the integrated approach employed during the 2005 hazard assessment (Guðmundsson and Gylfason, 2005) , the 2006 evacuation exercise (Bird et al., 2009b) , the 2010 meetings and throughout the 2010 response (Bird et al., 2018) , to the South region's communities where neighbours interact relatively frequently due to their beliefs, values and activities. Even where compliance did not occur, residents showed respect for authority and the jobs they were undertaking, despite the errors and confusion.
Within these local communities (geographic location), people are bound together by relations of affect, loyalty and common values and as such, they have a certain familiarity with each other (Brint, 2001 ). Not only is this evident in the study region between neighbours, but also between residents, scientists, officials and local police. It does not mean, however, that all relationships are amicable. Nevertheless, as Brint (2001; p. 9) highlights, "a sense of security in the face of disliked others is deeply characteristic of communal relations". That is, these communities look to each other for guidance and support during times of crisis. However, the changing economic, demographic and political landscape will test this phenomenon. As our results indicate, political changes have resulted in a lack of available resources for police, civil defence and emergency management. There is also economic change occurring with respect to people's livelihoods. Demographic changes most notably include greater international migration and migration from the capital region. The population is also aging but at the same time, the number of children and youths in the region has decreased while the number of young adults has increased.
The inherent challenges this enhanced diversity brings with respect to developing risk mitigation strategies cannot be ignored. In a simple comparison of populations (urban and rural residents of South Iceland), Bird et al., (2011) identified different perceptions and beliefs, and therefore different needs with respect to risk mitigation. For example, rural residents responsible for livestock questioned their ability to comply with evacuation orders (Bird et al., 2009b , Bird et al., 2011 . The police overcame this issue during the 2010 evacuations by allowing farmers to re-enter the hazard zones to tend their livestock. That is, local police/DCPEM worked with local residents to ensure safety from an imminent threat, as well as protecting livelihood interests. Furthermore, residents were not kept at the evacuation centre any longer than needed. This positive experience enabled compliance with subsequent evacuation notices when the second stage of the eruption began at the summit of Eyjafjallajökull. -018-0205-6 Despite this, the results presented here show not all residents evacuated in 2010 (~47% of our respondents). Even though some considered it the right thing to do, they decided to shelter in place (e.g., within their own home) because they had a duty of care to family members and believed this was the safest option. Others chose to stay home because they did not believe the warnings and/or evacuation plan were relevant to them. Exact figures on how many people were supposed to evacuate during both phases of the eruption are not available. It is almost impossible to know exactly how many people are located in a given area at any point in time. Exact figures on how many people evacuated during both phases are also not available. This lack of detail can be attributed to people sheltering in unofficial places (either by choice or official instruction to do so) and as reported by a few respondents, registration was not well organised in some instances.
Nevertheless, officials were pleased with public response. As evidenced by the results presented here and by Bird et al., (2018) , compliance with evacuation orders can be attributed to: trust in the information source; recency of community meetings regarding a potential eruption (i.e., people were able to easily retrieve relevant information from memory); and, a strong desire to abide by social norms (normative beliefs). Not only was this apparent in regards to residents wanting to abide by police orders, but also with respect to their neighbours and the local rescue team.
Furthermore, the required action, i.e., to evacuate, was clearly communicated. The first and foremost hazard risk that authorities focus on is jökulhlaup, as emphasised in historical accounts, the 2006 evacuation exercise, and most recent meetings. Residents are aware that until the site of the eruption is confirmed, and hence the path of a potential jökulhlaup, all low-lying regions close to flood channels are considered to be hazard zones. Hence, it is well known that if you are located in these areas you must evacuate-highlighting geographic location as an important factor influencing decision-making. It is therefore not surprising that people contested the location of some evacuation centres, particularly those located in low-lying regions and old flood channels. And despite the clarity of the prescribed action to evacuate, some residents received conflicting information regarding the location of their designated centre.
To be effective, warnings need to be clear, precise and consistent as people will focus on minor points of inconsistency to support their decision to reject proposed actions (Drabek, 1999) . Given the complexities of risks associated with volcanic hazards in Iceland-e.g., jökulhlaups, lightning, poisonous gases, as well as ash fall-it is critical that these are clearly communicated with sufficient detail to avoid confusion among new residents. This is particularly pertinent among those that have immigrated from abroad. As Bird et al., (2010) found, foreigners are often not aware of the fact that volcanoes lie underneath some of Iceland's glaciers and as such, are not aware of jökulhlaup risk nor are they aware of the risk of lightning and poisonous gases. However, rather than just focusing information on the risk itself it is essential to communicate actionable risk, i.e., what actions people need to take with respect to reducing their personal risk (Drabek, 1999 , Wood et al., 2012 .
Communication and risk mitigation strategies must also be tailored to meet the changing population's needs. A one-size-fitsall approach among diverse populations is unlikely to generate a proactive public response to future evacuation orders , Paveglio et al., 2017 , Tierney et al., 2001 ). For example, there are distinct differences between decision-making and actions undertaken by men and women (Haynes et al., 2016 , Haynes et al., 2010 and age plays a significant role, with younger males often taking greater risks than older age groups and women across all age groups (Haynes et al., 2016) .
With the rapidly increasing number of tourists in the region, the police/DCPEM may need to consider further non-compliance, particularly among tour operators and tourist accommodation managers/staff due to their duty of care to their patrons. This may be particularly apparent if their patrons are out sightseeing and are therefore unaccountable, which is just as likely during the night (e.g., on a Northern Lights tour) as it is during the day. With more people engaging in tourism, the police/DCPEM should also be cognisant of the possibility of tour operators feeling obliged to engage in activities that enhance their vulnerability. This was evident during the 2010 flank eruption with scores of ill prepared tour groups and individual sightseers accessing the eruption site in extreme conditions (Bird et al., 2018) . There is no doubt that many tourists want to see an eruption, as was the case with Hawaii's Kilauea eruption in 2018 (Walker, 2018) , and may try to persuade their guides to deliver.
As discussed elsewhere (e.g., Mileti and Sorensen, 1990 ), friends, family and neighbours were invaluable in communicating official warnings. These kin, friend and community networks not only provide an added element of warning dissemination, but also provide an additional source with whom warning-recipients can verify the legitimacy of information (Lindell and Perry, 2004) . It is important to note that these networks have become more accessible and much greater with the advent of social media and the reliance on it for risk and crisis communication , Sennert et al., 2015 , notwithstanding the challenges that brings. Furthermore, the region's mobile communication network is much improved to that used during the Eyjafjallajökull eruption. Authorities now have the ability to push emergency notifications out to all mobile phones within a designated area of telecommunication towers (pers. comm. Sveinn Rúnarsson, 2018) .
Despite these advances, Iceland's 'sweeper system' is still considered a critical component of the communication network. In some instances, the sweepers provide the only link between emergency management officials and the community (Bird et al., 2009b) , further bolstering the work of the rescue teams at the local level. Ensuring the sustainability of local rescue teams and the sweeper system is critical, as their roles during future events may become even more important with respect to reaching new residents and tourists that are not connected to kin, friend and community networks.
New residents may also benefit from storytelling, involving detailed accounts from people who experienced the event. People who lack their own personal experience (i.e., new residents, tourists) might be influenced by vivid accounts from other members of the public more so than from volcanologists communicating geophysical probabilistic data (Lindell and Perry, 2004) . However, experience of an event, either direct or vicarious, can lead people to expect similar impacts from future events. That is, they may be unable to perceive worse impacts from a different scenario than that they've already experienced (Tversky and Kahneman, 1973) . Hence, memories of a significant experience, e.g., that relating to the Eyjafjallajökull eruption, may influence people's response to a future event, e.g., a catastrophic Katla eruption.
In this instance, emergency managers need to be aware of normalisation bias, where individuals believe they are able to cope with a future (larger) event, based on a past experience of coping with a previous (smaller) event (Paton et al., 2001 ). Our results here showing an increase in perceived preparedness and decrease in perception of risk associated with damage to property and home may stem from the relatively low impacts of the Eyjafjallajökull eruptions and the fact that residents believed they coped moderately well, in general.
At the same time, however, respondents still viewed a similar level of risk to the community as a whole in terms of adverse impacts. This unrealistic optimistic bias, where people consider themselves less vulnerable than others in their community (Paton et al. 2008 , Sjöberg, 2000 , Weinstein, 1987 , may be directly linked to residents' predicting their future vulnerability based on their personal experience of the Eyjafjallajökull eruptions. It may also relate to the incessant news broadcasts that some believed exaggerated the level of impacts in the region (Bird et al., 2011 , Bird et al., 2018 . That is, based on media reports, residents deem others suffered far greater impacts than themselves and therefore consider them more vulnerable. Because of this, optimistic residents may be less inclined to respond to a future event.
Importantly, there is greater trust in those responsible for public safety, i.e., local police and the DCPEM. It is apparent that this trust has stemmed from open, regular and transparent communication well before and throughout the Eyjafjallajökull eruptions. Residents' trust in these officials has also evolved from officials listening to and developing strategies to meet the needs of the community. To ensure this trust is maintained, officials must continually engage and work with the population of South Iceland as the region's demographic, economic and political landscape changes.
It is important to note, however, that the perspectives presented here are predominantly drawn from a survey implemented during the early to medium-term stages of recovery (where early and medium are classified as 'beginning to resume some kind of normal existence' and 'life is finally beginning to feel stable' (Crutchfield, 2013) , respectively). That is, our study does not incorporate perspectives on long-term impacts and how they may influence people's decision-making during a future event due to ongoing physical and mental health impacts. While this is a limitation of the present study, we do not believe it detracts from the overall results. By undertaking research within this time period, we were able to capture more detailed and accurate narratives of actions and perspectives of the decision-making process, given that intricate details of which fade with time. Given the immediate need for evacuation, particularly for a catastrophic Katla eruption, these perspectives provide a critical viewpoint of how and why people behave the way they do when faced with a volcanic crisis. Coupled with the changing social characteristics, this paper provides a unique perspective of how residents may behave when faced with future evacuation orders.
From a societal viewpoint, the results highlight the need for local authorities to continually engage the local population in risk mitigation strategies and procedures. In doing so, they will gain an enhanced understanding of the changing population and be in a position to adjust strategies to suit the population's needs. The research also highlights the importance of local residents knowing and sharing their stories and experiences with their neighbours. And, it stresses the importance of residents considering the changes in their livelihoods and what that may mean with respect to their vulnerability during a volcanic crisis. As the communities diversify, so too will people's beliefs, values and activities. This greater complexity will inevitably create greater challenges for the local police and DCPEM. However, while it may enhance some aspects of vulnerability, it may also bring about new opportunities for developing new and exciting methods for generating a proactive public response to future evacuation orders among new and old residents.
Significantly, this paper links together longitudinal research that spans more than a decade capturing an at-risk population's perspectives of: inherited knowledge, hazard assessments, risk mitigation strategies including a full-scale evacuation exercise; to their response during and perspectives of a volcanic crisis. It is rare to find such a detailed study that spans the before and aftera perspective that is often unattainable due to the nature of natural hazard events.
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